Acid Hydrolases of the Epidermis: Subcellular Localization and Relationship to Cornification  by Freinkel, Ruth K. & Traczyk, Thomas N.
0022-202X/ 83/8005-0441$02.00/ 0 
THE JOURNAL OF lNV ES'J'I GATIV E D E RMATOLOGY, 80:441-446, 1983 
Copyright © 1983 by The Williams & Wilkins Co. 
Vol. 80, No.5 
Printed in U.S.A. 
Acid Hydrolases of the Epidermis: Subcellular Localization and 
Relationship to Cornification 
RUTH K. FREINKEL, M .D . AND THOMAS N. TRACZYK, B.S. 
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Three lysosomal-type acid hydrolases were examined 
in subcellular fractions of the developing epidermis of 
fetal rats to assess the relationship of degradative en-
zymes to cornification. As the granular layer developed 
and cornified between 18 and 20 days (D) of gestation, 
epidermal acid phosphatase increased, acid phospholi-
pase A remained constant, and /1-glucuronidase activity 
declined. The enzymes were present in 3,000, 17,000, and 
100,000 g particulate fractions and soluble cytoplasm. 
However distribution differed: acid phosphatase and 
phospholipase A were more preferentially localized than 
was glucuronidase in the 17,000 g fraction which ex-
cluded mitochondria and ribosomes and was enriched in 
lamellar granules. The findings suggested that acid phos-
phatase and phospholipase were present in membrane-
bound organelles (e.g., lamellar granules) in the granular 
layer. Particulate acid phosphatase increased with gran-
ular layers on days 19 and 20 while a 7-fold increase in 
soluble enzyme coincided with cornification on day 20. 
As shown by isoelectric focusing, the enzyme became 
more heterogeneous at day 20 than at day 18, suggesting 
increased glycosylation. The particulate fraction dis-
played lysosomal characteristics with respect to release 
of acid phosphatase, which was inhibited by hydrocor-
tisone and enhanced by retinoL When fetal epidermis 
was allowed to cornify in organ cultures, similar in-
creases in acid phosphatase occurred . The presence of 
hydrocortisone did not affect increase in total enzyme 
but a greater proportion remained in the particulate 
fraction. 
The findings suggest that particulate acid phosphatase 
and phospholipase are compartmentalized in organelles 
with lysosomal characteristics during development of 
granular cells and that release of phosphatase is coinci-
dent with cornification. This may reflect not only exo-
cytosis of lamellar granules but also intracellular release 
of the hydrolytic enzyme. 
Cornification of keratinocytes is a complex process which 
involves, among other things, degradation of m any intracellular 
components. Although the presence of hydrolytic enzymes in 
epidermis is well established, little is known a bout their function 
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in t he terminal events that occw· during formation of cornified 
cells. 
Acid hydrolases, in particular, are associated with intracel-
lular degradative events. They are generally compartmentalized 
in m embrane-limited organelles with specific intra- or extracel-
lular functions (lysosomes). In the epidermis such enzymes 
include glucw·onidases, sulfatases, sphingomyelinase, phospho-
lipases, glycosidases, nonspecific esterases, proteases, a nd phos-
phatases [1-4]. 
Cytochemical studies of epidermis h ave localized various acid 
hydrolases to lysosomes, melanosomes, and lamellar granules 
(LG) (for reviews see [5,7]). It has been shown that acid 
phosphatase is markedly more prominent in th e granular layer 
[8,9] where it is present in LG, in Golgi apparatus, and related 
vesicles, a nd may be visualized diffusely throughout t h e cyto-
plasm [10]. It is also present in the intercellulru· space, after LG 
ru·e extruded, in both granulru· and stratum corneum layers. 
Direct assays of different cell layers suggest that acid phospha-
tase and py rophosphatase are increased in granuJru· cells, while 
the concentration of certain other lysosomal acid h ydrolases 
declines as epidermal cells mat ure [11]. Moreover, while acti-
vation of classic lysosom es h as been demonstrated after epider-
mal insult [12,13], autophagocytosis is not a regulru· feature of 
cornification of gr anular cells [14]. It is thus not yet cleru· which 
hydrolyt ic enzym es play a role in t h e death of epidermal cells, 
how these are compartmentalized, or how they are released. 
Our prior studies have localized an acid phospholipase A in 
a post mitochondrial fraction obtained at 17,000 g [ 4]. S ubse-
quently, we have shown that acid phosph atase is also present 
in this fraction and that both acid phosphatase and acid phos-
pholipase A are associated with LG th at have been isolated 
from the 17,000 g fraction [15,16]. 
In the present studies we attempt to assess the subcellulru· 
localization of vru·ious acid hydrolases and to correlate such 
enzym es with ongoing cornification. To this end, we h ave 
employed fetal rat epidermis at various stages of development 
of granular and stratwn corneum layers. 
MATERIALS AND METHODS 
Tissue 
Pregnant Sprague-Dawley rats (Holtzman) were obtained with 
known times and dates of impregnation. Rats were sacrificed at 18, 19, 
and 20 days of gestation at 9-10 AM with intracardiac Dibutanol. 
Fetuses were obtained immecliately and decapi tated. Dorsal and lateral 
skin was removed and cut into strips. Epidermis was removed after 
whole skin was immersed for 2 min in 0.22 M NH.,Cl (pH 9.4) at 4°C 
and stored in cold Earle's buffer until enough tissue was harvested. 
Tissue Fractionation 
Minced epidermis was homogenized gently in loose-fitting all-glass 
homogenizer in 0.25 M sucrose at concentrations ranging from 100-200 
mg/ ml. The crude homogenate was centrifuged for 15 min at 700 g and 
the resulting supernatant was the starting material for fwther fraction-
ations. 
Subcellular fractions were prepared by sequential differential cen-
trifugations at 3,000 g, 17,000 g and 100,000 g for 20, 30, and 60 min, 
respectively. In organ culture experiments 700 g supernatant obtained 
fTom epidermal homogenates was directly centrifuged at 17,000 g to 
yield a prut iculate and supernatant fraction. When pellets were washed 
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they were resuspended in 0.25 M sucrose and centrifuged at the original 
g force. 
In some experiments, hydrocor tisone succinate (Sigma ) dissolved in 
sucrose, or retinol (Sigma) dissolved in etha nol (protected from light) , 
were added to homogenates immediately prior to enzym e assays. 
All phases of t he preparation were carried out at 4 °C. 
Organ Cultures of Who le Shin 
Skin was obtained from fetuses at 18 days of gestation under sterile 
conditions. It was cut in to 2 X 2 mm squares a nd explanted dermis side 
down on nylon cloth ra fts supported by steel grids in Fa lcon plastic 
organ cultme dishes. Cult ure medium was Minimum Essential Medium 
(GIBCO) supplemented with 2 mM glutamine, .075% NaHCO", 10% 
fetal calf serum, a nd with 100 units penicillin, 0.25 p.g Fungizone, 100 
p.g streptomycin per mi. Enough medium was added to just cover th e 
6-7 explants per dish. Humidity was ma intained by a ring of water-
soaked filter paper around t he center well. Cultures were main tained 
for up to 2 days at 35°C in a n atmosphere of 5% C02 in air. Epidermis 
was obtained from cul tmed expla nts by NH,,CI t reatment. Epidermis 
(20-40 mg) from 4 or 5 dishes was pooled for assays; 12-15 dish es were 
used for each experimental condition. 
Enzyme Assays 
Acid phosphatase (AP) was assessed in aliquots of homogena tes with 
.06 M p-nitrophenyl phosphate (SIGMA) as substrate, .05 M acetate 
buffer pH 4.8, a nd .05% Triton X-100 [1]. Assays were condu cted with 
amounts of homogenates equivalent to 0.25-2.5 mg of whole epidermis 
in a total volume of 0.5 ml at 37°C for 30 min. AP activity was calculated 
from spectrophotometer readings at 400 nm. The assay was s tandard-
ized with acid phosphatase of known activi ty (Sigma). 
,8-glucuronidase (BG) was assayed in the same way us ing p -ni tro-
phenyl ,8-glucuronide (Sigma) . S ince there was less activity of this 
enzyme, aliquots contained the equivalent of 10-20 mg whole epidermis. 
Acid phospholipase A (APL) was assayed as previously described 
using [2-"C]-Iinoleate phosphatidyl choline as substrate [ 4]. Resul ts 
were expressed as percent or as nmol of substrate hydrolyzed per 45 
min incubation period. Cytochrome oxidase was assayed by the method 
of Wharton and T zagoloff [17]. 
Activity of a ll enzymes was expressed as substrate utilized per assay 
period per mg protein or p.g DNA. 
Preliminary studies demonstrated linearity of enzyme activities wi th 
t ime and homogenate concentration. Activ ities were not affected by 
NH.,CI treatment as tested in whole skin. Activity was abo lished by 
heating to 100°C for 10 min. 
Proteins were assayed in 700 g supernatan t or other fractions by the 
method of Lowry et a l [18] a nd DNA content of whole epidermis by 
the method of Martin [19]. 
Isoelectric Focusing 
S ubcellulaJ· fractions were prepared as described a bove excep t that 
epidermis was stored in cold 0.25 M sucrose to avoid contact wi th 
elec trolytes. Fractions were diluted with equal vo lumes of 0.1% Triton 
X-100 in 0.1 M acetate buffer, pH 5.8, for isoelectric focusing. Experi-
ments were carried out on a 110-ml column (LKB) wit h a gradien t of 
pH 10-3 according to manufacturer's instructions. After electrofocus ing 
for 24 h , 1.0-ml fractions were collected for determination of pH a nd 
assay of AP. 
Electron Microscopy 
Subcellular fract ions were moni tored by electron microscopy a nd AP 
was demonstrated by a modified Gomori technique as previously de-
scribed [15). Cult ured explants were monitored by light microscopy 
using 1-p.m sections embedded in S purr-Araldite a nd stained with 
toluidine blue. 
. RESULTS 
Morphology of the Subcellular Fractions 
3,000 g pellet: Mitochondria were almost entirely recovered 
in this fi·action. The fi·action also contained remnants of corni-
fied cell envelopes, aggregates of tonofilaments, clumps of ri-
bosomes, and unidentified amorphous material (Fig 1) . 
17,000 g p ellet: Mitochondria were sparse. Most of the frac -
tion was composed of membranes in vesicular array and of fully 
developed LG and of membrane-limited organelles, lacking in 
lamellae, of the same size and shape as LG (Fig 2) . Both types 
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FIG 1. 3000 g pellet obtained and processed as per text. Note pres-
ence of mitochondria mixed with debris a nd other organelles. Bar = 1 
p.m. 
FIG 2. 17,000 g pellet obtained as per text. Abunda nt lameLlar gran-
ules (arrowheads) as well as nonlamellated organelles of t he same 
shape and size ( • ) conta ining a granular matrix a re present. Ba.r = 1 
p.m. 
of granules contained AP (results not shown, see [15]) . Some 
tonofilaments and amorphous debris were present. 
This fraction is similar to the lamellar granule fi·action pre-
viously described [15] but less pure with respect to content of 
organelles bearing lamellae and contaminating tonofilaments. 
It was used in preference to the fi·a ction isolated by density 
gradient" fractionation because of the smaller amount of t issue 
required and more rapid isolation procedures. 
100,000 g p ellet: This fraction was composed entirely of 
membranes and ribosomes (results not shown). 
Classical lysosomes were seen only rarely in the two large-
particle fractions. LG (and LG-like bodies) were present only in 
the 17,000 g pellet. 
Enzyme Activity 
Acid hydrolases: BG was assessed since this lysosomal en-
zyme has been shown to be reduced in the granular layer [11]. 
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AP was assessed because of its prominence in granular cells. 
APL, previously demonstrated in the 17,000 g fraction, was 
further characterized in :relationship to the other enzymes. 
Cytochrome oxidase was assessed as a mitochondrial marker. 
In epidermis at 20 clays (20D) of gestation, 83% of cytochrome 
oxidase activity was present in the 3000 g pellet and 16% in the 
17,000 g pellet (Table I). 
As previously reported, APL was localized in large-particle 
fractions and soluble cytoplasm [4]. Both BG and AP were 
distributed in all subcellular fractions (Table I). However, while 
APL and AP were more abundant in the 17,000 g than the 3000 
g fraction, BG was almost equally distributed in these fractions. 
Both BG and AP were present in significant quantities in the 
100,000 g pellet, in contrast to APL. 
Specific activities of AP and APL were higher in the 17,000 
g than 3000 g fractions but were not different for BG (Table 
II). These findings suggested that like APL, particulate AP was 
preferentially localized in the 17,000 g pellet and that BG was 
not. The presence of significant quantities of all the hydrolases 
in the soluble cytoplasm cannot be explained at present. In 
part, it may reflect proteolytic activity and fragility of epidermal 
membranes with even mild homogenization and separation 
techniques. However, addition of phenylmethylsulfonyl fluo-
ride, K +, EDT A, albumin, or serum during preparative stages 
did not reduce the proportion of enzyme in soluble cytoplasm. 
Changes during cornification: Enzymes were assessed at 
both 18 and 20 days of gestation in 17,000 g pellets and super-
nates. 18D epidermis has no stratum corneum and contains 2 
layers of incompletely developed granular cells [20,21], although 
LG are formed (K Wier and RK Freinkel, unpublished obser-
vations). By 19 days there are 5-6 layers of granula1· cells and 
the first 1 or 2 layers have cornified. By 20 days, these granular 
cells have cornified to produce 6-7 layers of squames and have 
been replaced by 5-6 new layers of granular cells. Since no 
squames have been shed at this stage, the numbers of cornified 
layers accm·ately refl ect the numbers of preceding granular cells 
(K Wier and RK Freinkel, unpublished observations). 
When related to wet weight or protein content of the whole 
epidermis, activities of BG and APL decreased while that of 
TABLE l. Distribution of enzymes in. subcellular fractions 
Percent of totul enzyme'' 
Fraction" 
BG'" AP"" APL'" CYOX" 
3,000 g p 16.4 4.7 15.9 83.0 
17,000gP 14.8 7.2 29.1 16.2 
100,000 g p 17.8 6.8 2.5 [ < 1.0 
100,000 g s 49.6 81.2 53.0 
" Fractions prepared as per text. P = pellet, S = supernatant. 
"Resul ts expressed as % of total activity in 700 g supernatant in each 
fraction. Experiment shown is representative of 3 experiments using 
20D epidermis. 
c BG = ,8-glucuronidase, AP = acid phosphatase, APL = acid phos-
pho Li pase, CYOX = cytochrome oxidase. 
TAHLE II. Specific activities of acid hydrolases in su.bcellu.lar 
fractions 
Enzyme activity" 
Fraction 
BG AP APL 
3,000 g P'' 0.5 ± 0.2 4.2 ± 0.9 13.6 ± 1.1 
17,000gP 0.4 ± 0.1 6.3 ± 0.9 20.3 ± 1.0 
100,000 g p 0.3 ± 0.5 3.3 ± 0.3 -
,. 
100,000 g s 0.2 ± 0.1 9.0 ± 2.4 4.6 ± 0.5 
"Abbreviat ions as i11 Table I. Enzyme activity in vaJ"ious fractions 
for BG and AP expressed as Jlmol substrate converted per mg protein 
± SEM. For APL, results are expressed as % substrate converted per 
assay period per 100 Jlg protein. Results aJ"e the mean of 3 expeJ"iments 
using 20D epidermis. 
" Fractions obtained as for T able I. 
c Not done. 
AP increased from 18D to 20D. However, when related to DNA, 
as an index of nucleated cells, a different picture emerged 
(Table III). In the 17,000 g pellet BG decreased, APL remained 
unchanged, and AP doubled in activity. Activities of BG and 
APL were not significantly different in supernates while AP 
showed a marked increase. The average content of DNA/ mg 
wet weight in 18D epidermis is about twice that at 20D, reflect-
ing the presence ofthe anucleate stratum corneum in the latter. 
These results are consistent with a decreased concentration of 
BG, a constant amount of APL, and an increased amount of 
. AP in the granulru· layer. 
The main increase in total AP occurred rather abruptly in 
t he 24 h between 19 and 20 days (Fig 3). A slight gradual 
increase in activity of 17,000 g pellet occuned over the whole 
48-h period and was paralleled by t hat in 17,000 g supernatant 
from the morning of day 18 to the morning of day 19. By day 
20, the activity of the supernatant showed a massive increase 
representing mostly soluble enzyme (Tables II, III). This latter 
change parallels the keratinization of the granulru·Iayer present 
at day 19 and emergence of new granulru· cells. 
Characterization of AP: These abrupt changes prompted 
further investigation of AP. 
Heterogeneity of acid phosphatase is well known and has 
been described in epidermis where 2 or more enzymes of differ-
ent M ,. ru·e present [1,22,23]. Studies were pelfonned to assess 
TABLE III. Comparative activity of acid hydrolases at 18 and 20 
days of gestation 
Enzyme Activity X 10" per l'g DNA" 
Fmction 
BG AP APL 
18D 
P " 1.4 ± .3 2.4 ± .1 3.2 ± 1.1 
S'" 1.2 ± .2 4.6 ± .1 4.4 ± 1.5 
Total 2.6 7.0 7.6 
20D 
p 0.8 ± .1 5.0 ± .2 2.8 ± 1.6 
s 1.0 ± .4 36.4 ± .7 3.3 ± 1.8 
Total 1.8 41.4 6.1 
" Results are expressed as mean ± SEM in 4 experiments using 
paired litters at 18 and 20 days (D) of gestation. Enzyme activity is 
expressed as !Lmol X 10" substrate hydJ"olyzed per Jlg DNA of whole 
tissue for ,a-glucuronidase (BG) and acid phosphatase (AP) and nmol 
x 10" substrate hydJ"olyzed for acid phospholipase (APL). 
"P = 17,000 g pellet. 
•· S = 17,000 g supernatant. 
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FIG 3. Acid phosphatase at 18 th rough 20 days of gestation: AP 
activity a sayed as per text in 17,000 g pellets and supernatants in epi-
ermis obtained at times indicated. Experiments performed on matched 
li tters: JSD, 9 AM n = 4; 2 PM n = 2; 19D, n = 3, 20D n = 4 where n = 
number of experiments. Results expressed as ubstrate hydTolyzed X 
10" per assay period per !Lg DNA ± SEM. Open bar = supernatant, 
sha.ded bar = pellet. 
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whether the "new AP" in 20D epidermis displayed different 
kinetics and isoelectric points from that of 18D epidermis. 
K, was assessed in 17,000 g supernatants and pellets using 
Lineweaver-Burk plots (Table IV). Although the mean Km of 
supernatants was higher than that of pellets, the difference was 
not statistically significant. Moreover , no difference was noted 
between the various fractions at 18 and 20 days. Thus, at least 
in terms of affinity for this substrate, there was no difference in 
the newly developed enzymes in the 20D epidermis. 
Isoelectric focusing revealed 4 distinct peaks in 20D epidermis 
present in both supernatants and pellets (Fig 4) . 18D superna-
tant contained only the most acid and the most basic peaks. 
Attempts to definitively resolve activity of 18D pellets were not 
successful in 3 experiments. 
Membrane characteristics of particulate AP: Further atten-
tion was focused on the characteristics of the membranes as-
sociated with acid hydrolases, particularly of AP. 
Release of AP could be demonstrated in washed subcellular 
fractions incubated at 37°C in 0.25 M sucrose in phosphate-
buffered saline (pH 7.4). After incubation homogenates were 
centrifuged at 17,000 g again and enzyme activity assayed in 
pellet and supernatant. Release was expressed as the percent of 
total enzyme present in supernatant after incubation. Pellets 
from 18D epidermis released 5% of total AP in 30 min but 
TABLE IV. K.., of epidermal acid phosphatase 
Subcellula r fract ion" 
Day of gestation 
P±SEM S±SEM 
18D 6.1 X 10- roe 8.8 X 10- 5 
(n = 6)" ± 1.7 ±0.9 
20D 7.6 X 10- r, 8.7 X 10- 5 
(n = 4) ± 1.3 ± 1.8 
"Subcellular fraction obtained at 17,000 g. P = pellet, S = superna-
tant, ± standru·d error of t he mean (SEM). 
'' n = number of separate experiments. 
c Experiments were conducted using standard assay with 15-40 /lg 
protein per. vessel and substrate concen trations from 0.01-0.1 M. K,., 
derived from Lineweaver-Burk plots. No s tatistica l difference was 
present between values for S vs. P or 18D vs. 20D by Student's I- test. 
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FIG 4. Isoelectric focusing of ac id phosphatase. S upernatants a nd 
pellets (17,000 g) used as per text. The amoun t of homogenate of the 
columns was adj usted to a pproximate ly 1 mg protein. One-milliliter 
fractions were collected a nd pH and acid phosphatase assessed. Resu lts 
expressed as 1-1mol substrate hydrolyzed per assay period per a liquot. 
R esults are representative of 3 experiments at each time poin t. 
Vol. 80, No. 5 
pellets from 20D epidermis released 16% (Fig 5). These results 
suggested that the AP containing particles were "leakier" in the 
keratinized epidermis or that the association of membran es and 
enzyme was more tenuous. 
When hydrocortisone succinate (HC) was added to 18D 
washed pellets, it inhibited release of AP in dose-dependent 
fashion at concentrations from w-r. to 10- 2 M . HC, however, 
had only a small effect on release of AP from 20D pellets a nd 
this was not statistically significant (Table V). 
Conversely retinol increased release of AP from wash ed 
17,000 g pellets of 18D epidermis. The vitamin was added in 10 
pl of ethanol to experimental pellets and ethanol was added to 
controls. In a typical experiment 2.9, 3.7, and 5.8% of AP was 
released from pellets incubated with 0, 10- n, and 10- r; M retinol, 
respectively. 
Release of BG and APL from 17,000 g pellets was also 
assessed. No enzyme activity was released into supernatants at 
either 18 or 20 days (results not shown) . 
Acid phosphatase in cultured epidermis: 18D skin was cul-
tured as whole skin explants for periods up to 44 h. Atter 7 h in 
cultUTe, total epidermal AP h ad not changed; but after 20 a nd 
44 h , AP increased 2 and 3 times over 0 time values. The 
amount of supernatant (17,000 g ) activity increased 3- and 4-
fold after 20 and 44 h, respectively. Addition of HC (10- a M) to 
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FIG 5. Release of acid phosphatase from particulate fraction. 
Washed 17,000 g pellets of 18D and 20D epidermis were incubated in 
.25 M sucrose (pH 7.4) for 30 min at 37°C as per text. Re lease of AP 
was calculated as percent of total activi ty present in supernatant. N o 
release of activity could be demonstrated in cont rols incubated at 4°C. 
Results shown are the mean ± SEM for 4 experiments at 20 days and 
3 experiments at 18 days. 0 - 0 = 18 day, • - • = 20 day. 
TABLE V. E ffect of hydrocortisone on release of acid phosphatase 
Concentration of HC 
M/L (n)'' 
(4) 
(6) 
(4) 
(2) 
Pe1·cent control ± SEM" 
l8D 
88.0 ± 16.9 
83.6 ± 6.6' 
67.6 ± 2.8'" 
57.3 ± 2.5'" 
200 
96.0 ± 8.0 
87.0 ± 7.9 
84.5 ± 9.0 
84.6 ± 6.3 
"Experiments conducted with washed 17,000 g pellets as per text. 
Released ac id phosphatase (AP) assayed in supernatan ts after incuba-
tion at 37°C for 30 min. Results expressed as % of AP released in 
control vesse ls incubated without hydrocortisone succinate (HC). 
''Number of pa ired experiments at 18 a nd 20 days (D). 
··p < .01. 
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TABLE VI. Acid phosphatase in cultured epidermis 
Hours in culture" 
Enzyme aciivity/ mg protei n ~, 
Total Pellet Supernatant 
A. 0 11.1 4.5 6.6 
7 11.4 4.5 6.9 
20 24.6 4.8 19.8 
44 33.6 6.3 27.3 
B. 0 11.7 5.7 6.0 
20 (+ HC) 18.6 7.8 10.8 
20 23.1 4.2 18.9 
" 18D epidermis was cultured as per text. A, Representative of 3 
experiments: Epidermis was harvested at designated times from 4 
cult~l'e dish:7; B, Representative of 4 experiments: Hydrocortisone 
succmate, 10 M, was added to culture medium (+ HC) and epidermis 
hal'vested at 20 h from 4 dishes with or without HC. 
b AP was assessed in 17,000 g pellets and supernatants as per text 
and expressed as !Jl110l substrate hydrolyzed x 10" per mg total protein 
in 700 g supernatant. 
th e cultme medium markedly inhibited this increase while 
particulate activity was increased (Table VI). 
Epidermis cultured with or without HC was always increased 
in thickness, cornified, and showed keratohyaline granules by 
20 h . No consistent differences in HC-treated explants with 
respect to granula1· layer or cornification could be appreciated 
by light microscopy (results not shown). 
DISCUSSION 
In these studies we have focused on the subcellular localiza-
tion of acid hydrolases during development of granular a nd 
stratum corneum layers. A large-par ticle fraction depleted of 
mitochondria bu t enriched in LG was shown to be also enriched 
in AP and APL but not in BG. Activity of AP increased in this 
fraction as well as in soluble cytoplasm as the granular layers 
developed and cornification occurred. This observation suggests 
that the content of this fraction reflects that of the subcellular 
organelles of the granular layer . Although keratohyalin is not 
well developed at 18 days, the most differentiated cells of this 
epidermis do contain and extrude LG, form marginal bands, 
and condense albeit without a keratin pattern [21]. 
While AP increased in the particulate fraction, BG declined, 
suggesting that this lysosomal enzyme is not associated with 
the granular cell or cornification. On the other hand APL 
which is most specifically localized in the particulate £/action 
did not change in relationship to cell numbers as judged by 
DNA. These findings could be due to an increasing accumula-
tion of AP within organelles containing a constan t quantity of 
APL (e.g., LG) in addition to a more homogeneous distribut ion 
of APL among the other membranes represented in the 17,000 
g fraction. 
The presence of acid hydrolases in 17,000 g supernatants 
deserves some additional comment. Some portion is attributa-
ble to enzymes in membranes and ribosomes (Table II), bu t the 
majority is in soluble cytoplasm. It is likely that some of this 
appal'ent distribution in cell cytoplasm results from artifacts 
attending su bcellula1· fractionation. Indeed this has been dem-
onstrated previously for APL [4]. 
Nonetheless, the increase in AP, coincident with cornifica-
tion, appears to reflect a real increase in soluble enzyme. Much 
of this may be attributed to the presence of AP in t he intercel-
lular spaces of stratum corneum where it is probably no longer 
bound to or limited by membranes. In this site, the AP must 
derive from the extruded contents of LG. However, it is also 
probable that AP is released from membranes within the gran-
ular cell as it begins to cornify. Whether it is sequestered 
initially in t·0me as yet not defined organelles or directly re-
leased after .-.ynthesis remains to be ascertained. In either event 
the presence of so much soluble AP may subserve some specific 
function at t his stage of the Hfe of the cell. It has been suggested 
th at it partiC;tJates in the degradation of nucleotides, phospho-
Hpids, and phosphorylated carbohydrates as well as in the 
~·egulation. of pyridoxal ~hosphate [23,24]. Another possibility 
ts that AP 1s concerned wtth dephosphorylation of the precursor 
of stratum corneum basic protein prior to its aggregation with 
keratin [25]. 
In this context we attempted to determine whether there 
were qualitative differences between the AP found at 18 and 20 
days of gestation in soluble and particulate fractions. Our 
studies have confirmed the heterogeneity that others have 
described for epidermal AP [1,22,23,26] and also have shown 
that increased complexity of AP accompanies cornification. 
Makinen and Makinen have recently identified 3 isoenzymes of 
AP in rat epidermis [23]. The 2 major ones have isoelectric 
points (pi = 5.3- 5.5 and 5.5- 6.2) similar to the 2 present in 18D 
e~idermal supernatants (pi= 5.5 and 6.2). A very high M .. AP 
wtth pi = 4.3 reported by those authors was not demonstrated 
in om experiments; this AP was solubilized after lengthy treat-
ment with Triton X-100 and may thus have been missed in our 
experiments. On the basis of different sensitivity to inhibition 
by tartrate and fluorid e or formalin as well as labilization by 
detergents, M akinen and Makinen concluded that the high M,. 
AP (pi = 5.3-5.5) was particulate and lysosomal while the low 
M .. AP (p~ = 5.5-6.2) was. cytoplasmic. However, ouT findings 
are more m agreement wtth those of Okhawara et al [1] who 
demonstrated the 2 similm· molecular species in 50,000 g pellets 
and supernatants in human epidermis. In 20D rat epidermis the 
4 isoenzymes demonstrated by isoelectric focusing were quali-
tatively similar in both pellets and supernatants. 
Heterogeneity of AP in rat epidermis [23] and psoriatic scale 
[26] has been also demonstrated to arise from varying degrees 
of glycoslylation with n-acyl neuraminic acid. The greater com-
plexity of enzymes in cornified 20D epidermis vs. that of 18D 
epidermis may thus reflect emergence of different molecular 
species and/ or different degrees of glycosylation of the same 
species. R esolu tion of this question will require additional stud-
ies on more purified prepm·ations. 
Although. function of AP in LG defies speculation, APL may 
pl.ay a role m membrane perturbations attending fusion of LG 
w1th plasma membranes during exocytosis [27]. It could also 
play a role in the putative degradation ofLG phosphoHpids and 
thus help to align the lipids that participate in the barrier 
function of the intercellular space [28]. 
The characteristics of membrane association of AP were of 
pmticular interest. Release of enzyme with incubation stabili-
zat!on of membrane .as~ociation by HC, and labiliz~tion by 
retmol m·e characten stlc of lysosomal type organell es. The 
implication of the present data is that the membranes of LG 
share these characteristics, although this inference must await 
confirmation with purer prepm·ations of LG. The enhanced 
lability of AP in keratinized tissue may reflect the labile status 
of mature LG in the process of exocytosis. The fa ilure of HC to 
affect this supports this interpretation. 
. Fi?all.y the effec~ of HC in cul tured epidermis has interesting 
tmphcatwns. AP mcreased in both soluble and pm·ticulate 
fractions when 18 day epidermis keratinized in organ cul tures. 
T he changes were similm· to those occurring in vivo. Although 
the presence of HC did not significantly retard the increase in 
total AP, it did reduce the proportion of soluble enzyme while 
increasing the amount present in the pm·ticulate fraction . Thus 
HC appem·ed to stabilize LG (and other membranes) in the 
whole-cell preparation. If such an effect results in impeded 
exocytosis of LG and of the hyd1·olytic effects of AP, it may 
afford a basis for the effects of HC in keratinization deserving 
further exploration. 
The authors gratefu lly acknowledge the generous assistance of Dr. 
A. Goldstone in performance of isoelectric focusing studies and the 
technical assistance of Diane E. Sarris. 
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Distribution of Fibronectin and Laminin in Basal Cell Epitheliomas* 
DouGLAs L. NELSON , M.D., CHARLES D. LITTLE, PH.D., AND GARY BALIAN, PH.D. 
Departments of Dermatology (DLN), Anatomy (CDL), Orthopedics (GB), and Biochemistry (GB), University of Virginia. School of M edicine, 
Charlottesville, Virginia., U.S.A. 
The distribution of fibronectin (FN) a nd laminin (LM) 
in basal cell epithelioma was evaluated by indirect im-
munofluorescence. FN is a glycoprotein which promotes 
interaction between cells and the extracellular matrix, 
and i s present at the dermal-epidermal junction (DEJ) 
and throughout the dermis, but absent in the normal 
epidermis. LM, a noncollagenous basement membrane 
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protein, plays a role in epithelial adhesion to type IV 
collagen, and is normally present in the DEJ, but absent 
in the epidermis. The role of FN and LM in epithelial 
differentiation has not been established. Therefore, the 
distribution of FN and LM in a tumor of epithelial origin 
was studied by indirect immunofluorescence. Using af-
finity-purified antibodies to FN and LM, and the appro-
priate fluorescein-conjugated second antibodies, normal 
skin and 7 basal cell tumors were examined. By immu-
nofluorescence, nests of malignant basal cells were sur-
rounded by linear LM staining. FN immunofluorescence 
was intense throughout the connective tissue stroma of 
all tumo.rs. Five tumors also showed FN staining within 
the nests of neoplastic cells, and 4 of these were also LM-
positive in the tumor bulk. These immunofluorescent 
findings suggest that epidermal neoplasia can be asso-
ciated with alterations in the distribution of FN and LM. 
Fibronectin (FN) and laminin (LM) are major proteins of the 
connective tissue matrix. FN is found in extracellular matrices 
where it is frequently associated with the cell sur face. In trans-
formed cells, synthesis of FN is significantly diminished, and 
although secretion of the protein is not affected, little or no FN 
